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METHOD OF PROCESSING SULPHIDE COPPER- AITD/OR 
SULPHIDE COPPER-ZINC CONCENTRATES 

ABSTRACT 

A method of processing sulphide copper- and/ or 
sulphide copper-zinc concentrates comprises flash smelting 
of said concentrates and basic silicate fluxes in the 
presence of oxygen with the resultant formation of a dis- 
persed mixture of highly basic molten slag containing cop- 
per and sine oxides, metallic copper and white matte. The 
initial concentrates and silicate fluxes are taken in 
ratios permitting production of highly basic slag, where- 
upon copper and zinc oxides contained in the highly basic 
molten islag are reduced by means of a solid carbonaceous 
material with the resultant formation of a vapour-gas 
mixture containing vapours of zinc, metallic copper and 
depleted highly basic molten slag containing not more 
than 18 percent by weight of silicon dioxide. The resultant 
vapour-gas mixture is then subjected to oxidation with a 
view to producing and collecting zinc oxide. 
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The present invention relates to nonferrous metal- 
lurgy, and more particularly, to the production of non- 
ferrous metals by a pyrometallurgical process. More speci- 
fically, it is concerned with processing of sulphide cop- 
per- and/or sulphide copper-zinc concentrates. 

Field of Application 

The invention is applicable to the processing of a 
low-grade polymetallic material used for producing, metal- 
lic copper, oxidized zinc sublimates and highly basic 
slags suitable for use as the starting material in other 
branches of industry^ 

Background Art 

In modern pyrometallurgical practice sulphide con- 
centrates are treated by using the difference in chemical 
affinity of metals to oxygen and sulphur contained in the 
raw material. To increase this difference, the smelting 
process is carried out in the presence of silicon dio- 
xide. The silicate melt is then reduced. It should con- 
tain basic oxides required to ensure high rate of reduc- 
tion. Thus, in this case use is made of the difference 
between elements in their affinity to oxygen. 

further progress in pyrometallurgical production of 
heavy nonferrous metals depends on the development of ef- 
fective techniques for their recovery on the basis of 
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autogenous smelting of sulphide material. Advantages of 
autogenous processes are knovm to permit high production 
rate (short time of holding the material in the oxida- 
tion zone); a sharp decrease in the amount of process 
gases; utilizing heating capacity of the concentrates 
and thus substantially diminishing the use of external 
heat sources; the possibility of effective treatment of 
the raw material which is relatively poor in nonferrous 
metals. In general, there is known a wide variety of 
autogenous processes. However, a featiAre most common to 
most of them is the use of highly developed surface of the 
sulphide material with a view to ensuring autogenous 
nature of the roasting and smelting processes, 

Por example, the Ontokumpu company, Finland, has 
developed a method of processing sulphide copper con- 
centrates. The method in question is carried out by using 
a flow of po3sib3y preheated air (that can be oxygen- 
enriched) for flash smelting of finely divided . : sulphide 
copper concentrates. The smelting process is effected in 
the presence of substantially silicate fluxes with the 
resultant dispersed molten mixture of silicate slag and 
matte containing not more than 65 percent by weight of 
copper. 

This dispersed mixture of slag and matte is separat- 
ed in accordance with specific weights. The matte is 
further treated until metallic copper is recovered there- 
from, while silicate slag is depleted in an electric 



1218238 

furnace by settling or flotation after being crushed and 
divided. 

The gases resultant from flash smelting of the ini- 
tial material contain from 2 to 20 percent of sulphurous 
anhydride* The loss of partially oxidized powder concen- 
trate during smelting is in the range of 8 to 10 percent 
by mass of the material fed for smelting (see, for example, 
iShein Y.P. "Honf errous Metals", No. 8, 1980, pp. 25-29 
f Symposium on ITonferrous Metallurgy in PinlandJ ; Engineer- 
ing and Mining Journal, 1973, lI4,No;ll, P- 103-108; 
M.J. Bthem "Erzmetall'* , JTa 4, 2^, 1976, pp. 182-186). 

There exist other modifications of this method, which 
are directed at enhancing its technical -and-economic cha- 
racteristics. For instance, the content of copper in the 
matte is brougjxt up by increasing the concentration of 
oxygen in the flow of air supplied for smelting, the tem- 
perature of air or that of oxygen-enriched air being rais- 
ed. It has been attempted to increase the rate of recovery 
of copper from raw material by arranging electrodes in the 
zone where slags settled down to become free from matte. 
However, the above-mentioned improvements failed to obviate 
serious disadvantages inherent in the prior-art method, 
namely: 

- the impossibility of processing raw material with 
higher-than-average content of zinc, or combining the pro- 
cessing of copper-zinc concentrates with the stage of pro- 
ducing blister copper; 
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- a low rate of recovery of copper and zinc from 

silicate slags. 

To overcome difficulties that might possibly occur 
in the process of producing rich matte (with over 65% by 
weight of copper), blister copper, or during treatment of 
a low-grade material containing difficulty oxidizable zinc 
sulphide, and in order to bring down the amount of magnetite 
(and the content of copper in slag), it has been attempted 
to distribute the supply of oxygen required for oxidation 
of sulphide sulphur, and to perform smelting along with 
preroasting and subsequent utilisation of fuel. 

According to Pat. Ho. 2,515,464 (Federal Republic of 
Germany, cl- C 22 B 15/04) the initial material is first 
partially roasted and then smelted to produce matte. As 
this happens, a flow of hot oxygen is introduced into the 
roast gases which are then used as auxiliary air for com- 
bustion of fuel in the course of smelting. However, the 
above method is rather difficult to perform apart from 
being ineffective to prevent the formation of magnetite. 
In addition, it fails to solve the .problems associated 
with the processing of copper-zinc or copper zinc-bearing 
concentrates and with the depletion of slags to permit 
good recovery of nonferrous metals therefrom. 

There is known a KIVCET process which comprises 
roasting and smelting of flotation concentrates, contain- 
ing nonferrous metals, in the atmosphere of commercial 
oxygen mixed with reusable dust resultant from cleaning 
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of flue gases, and substantially by with silicate fluxes 
thereby obtaining matte and reducing zinc from the 
silicate melt in an electric furnace (see, for ex€imple, 
Japanese Pat* No. 16362/76, cl* C 22 B 15/00; V.V.Vylegzha- 
nin et al. "^Nonferrous Metals" , No. 1, 1976, pp. 26-28; 
I,M. Cherednik et al. '^Nonferrous Metals", No. 7, 1974, 
pp» 24-27; Melcher G. et al. Erssmetall, 1975, 28, No, 7/B, 
p. 313-322, 1, II, III). 

The -KIVCET process is. as follows* 

A finely divided copper- or copper-zinc concentrate 
is submitted to flash smelting in the presence of substan- 
tially silicate fluxes in the atmosphere of commercial 
.oxygen, followed by the formation of a dispersed mixture 
of silicate slag and copper matte. The dispersed melt is 
further separated in accordance with specific weights into 
silicate slag and matte. Next, the slag and matte are 
admitted into an elect otherraic furnace, wherein a solid 
carbonaceous material (coke breeae) is charged onto the 
surface of the molten silicate slag. Under the influence 
of high temperature the zinc oxide contained in the slag 
is reduced to metal which, when evaporized, passes into a 
vapour-gas phase while copper oxides, also present in the 
slag, are reduced to metal and metallic copper is settled 
down to form matte. The vapour-gas mixture is removed from 
the electric furnace, the vapour of metallic zinc is oxidiz- 
ed therein to form zinc oxide by means of air supply. The 
resultant ainc oxide is collected to be fed for further 
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treatment. The matte is tapped from the electric furnace 
for further treatment to be blown through and oxidized 
with oxygen. As a result of this treatment, metallic 
copper is produced to vmdergo subsequent refining. 

In the KIVCET process, due to the use of commercial 
oxygen for oxidizing finely divided sulphide material with 
a higji specific surface, and owing to smelting carried out 
to produce matte (up to 55% by weight of copper and about 
20% by weight of sulphur), it takes only about 0.1 s for 
the oxygen fed for smelting to be almost completely assi- 
milated by the sulphide material in suspension. As a result, 
a higii temperature is developed during smelting to ensure 
sufficiently high rate of oxidation of zinc sulphide to 
its oxide with zinc oxide passing into silicate slag. 

However, the above method of processing sulphide 
copper- or sulphide copper-zinc concentrates with the 
production of silicate slags also suffers from a number of 
serious disadvantages, namely: 

1. The specific production rate at the stage of slag 
depletion is low by reason of the natu;re of slag used 
(from 4 to 12 kg of zinc per day per sq. meter of area 
in the electric furnace); hence are appreciably high 
losses of heat (power input) for slag depletion, as well 
as labour input per imit of commercial product. 

2. The degree of recovery of zinc from raw material 
to produce zinc oxide is not higjier than 80 percent. 

3. The impossibility to treat sulphide concentrates 
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with a high content of zinc (about 20fo hy weight of ainc) 
because of a low rate and degree of oxidation of ssinc 
sulphide and its conversion into slag so as to enable 
further reduction of zinc oxide from slag with a satis- 
factory rate of zinc recovery from the initial material 

(more than 60-70^). 

4. The processing of the resultant copper matte to 
produce metallic copper requires substantial capital in- 
vestment and labour input apart from the necessity to 
develop a complicated emission gas control system. 

5. The impossibility to prevent the formation of con- 
siderable amounts of magnetite during flash smelting of 
concentrates; therefore, complete oxidation of the afore- 
-mentioned sulphide material leeds to the formation of 
high-vise osity dispersed mixtiire of silicate slag, metal- 
lic copper or white matte, which is rather difficult to 
disintegrate. In addition, the recovery of copper «id 
zinc from high-viscosity silicate slag is fairly intricate 
procedure hindering comprenensive treatment of low-grade 
emd, in particular, copper-zinc concentrates. 

Prom the above it follows that new methods are re^uiied 
to substantially increase the rate of production at the 
stage of slag depletion along with corresponding decrease 
in the labour and power inputs; to bring up the rate of 
zinc recovery from the initial material; to raise the 
rate of oxidation of sulphide concentrates during flash 



- 8 - 



1218238 

smelting, thereby permitting the production of metallic 
copper to be effected directly at this stage, as well as 
to bring down capital investments and labour force in- 
volved in the production of metallic copper: to prevent 
the formation of considerable amounts of magnetite during 
flash smelting of sulphide concentrates, which will make 
it possible to introduce a wider variety of initial mate- 
rials into the copper cind zinc industry by making use of 
low-grade copper and copper- zinc sulphide concentrates 
along with direct production of metallic copper. 

It is an object of the present invention to provide 
such a method of processing sulphide copper- or sulphide 
copper- zinc concentrates or mixtures thereof that will 
make it possible to enhance the production capacity and 
the rate of smelting of the initial material. 

Another object of the invention is to provide such a 
method of processing sulphide copper^ : or. sulphide copper- 
zinc concentrates or mixtures thereof that will make it 
possible to increase the production capacity at the stage 
of slag depletion along with a higher rate of zinc reco- 
very from the initial material, while permitting produc- 
tion of metallic copper or white matte. 

The foregoing objects are attained in a method of 
processing sulphide copper- or sulphide copper- zinc iron- 
bearing concentrates, which comprises flash smelting of 
said concentrates in the presence of fluxes selected from 
the group consisting of basic fluxes and combinations 
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thereof with silicate fluxes, and oxygen with the result- 
ant formation of a dispersed mixture of slag, metallic 
copper or white matte, subsequent reduction of copper 
and ainc oxides, contained in the molten slag v/ith a 
solid carbonaceous material, followed by the foxTnation 
of a vapour-gas mixture containing zinc vapour, and of 
metallic copper and slag poor in nonferrous metals, 
subjecting to oxidation the vapour-gas mixture contain- 
ing zinc vapour, and collecting the resultant zinc oxide, 
wherein, according to the invention, the initial concent- 
rates and fluxes are fed for smelting in amoxmts suffi- 
cient to ensure the production of a highly basic molten 
slag which, on being reduced to give off copper and- zinc 
oxides, contains not more than 18% by weight of silicon 
dioxide. Owing to such conditions, calcium oxide fomns 
low-melting oxysulphide eutectics with zinc and iron 
sulphides at the intermediate stages of oxidation. With 
high-smelting and difficulty oxxdizable zinc sulphide 
passing into a low-melting liquid phase id^st as the pro- 
duct of its oxidation - zinc oxide,), the rate of the 
charge desulphurization (the rate of oxidation) is 
markedly increased. Fvirther, in the process of smelting 
carried out to produce highly basic slag v/ith the afore- 
-mentioned ratio of the basic slag-forming components, 
there takes no place or hardly takes place any formation 
of magnetite which otherwise greatly increases viscosity 
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of conventional silicate slags and thus hinders the pro- 
cess of oxidation. The present invention permits low- 
-melting calcium ferrite to he formed instead of magnetite 
so as to dilute the products of oxidation and in this way 
to ensure the transportation of oxygen in the volume of 
droplets of the dispersed oxysulphide melt. Owing to these 
two main factors, that is - the formation of low-melting 
oxysulphide phases by means of calcium oxide and zinc and 
iron sulphides, and the formation of low-melting calcium 
ferrite instead of magnetite, it became possible to sub- 
stantially intensify the process of desulphurization so 
that the copper sulphides present in copper are passed 
into metallic copper directly at . the stage of oxidizing- 
-flash smelt ing. In other words, copper is now produced 
directly from sulphide copper- or sulphide copper-zinc 
concentrates with the effect that the conversion of matte 
is ruled out to permit substantial cut-down of expenses 
and labour involved. Moreover, a considerable increase in 
the rate of oxidation of zinc sulphide has made it pos- 
sible to perform effective treatment of zinc-bearing 
sulphide concentrates. This, in turn, gpc^eatly expands the 
variety of initial materials in the copper and zinc in- 
dustries by making use of a low-grade sulphide material 
from which valuable components (copper, zinc and sulphur) 
are successfully extracted. Furthermore, since highly 
basic slag has a lower viscosity than silicate slag, the 
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metallic copp r or white matte formed during smelting is 
easily separated from the highly basic molten slag and 
passes into the bottom phase. This brings down the amount 
of copper lost with slag in the foiro of mechanical sus- 
pension (about 10 rel.%). The highly basic molten slag 
obtained during flash smelting contains the whole of zinc, 
a substantial amount of lead, with the content of copper 
in the form of oxide constituting about 5% by weight. The 
reduction of oxides of nonferrous metals (copper, zinc, 
lead) from highly basic molten slags proceeds at much 
higher rate than in the case of silicate slags and appro- 
aches the specific rate of the fuming process^ In part, 
this takes place due to a higher intensity of the follow- 
ing reaction: 

(n + 2m) MeO + (n + m)C = (n + 2m)Me + nCO + mOO^ (D 
with a corresponding increase in the activity of oxides 
of nonferrous metals contained in higjily basic slags. 
Another reason for this are key changes in the coordina- 
tion structure of metals in the higjily basic slags as com- 
pared to silicate slags; In highly basic slags, the struc- 
-tOTe-determining component is calcium (coordination num- 
ber - six) instead of silicon in the silicate slags (coor- 
dination number - four). Such structural transformations 
lead to a decrease in the amount of free energy and 
especially in that of free energy resultant from the 
activation of the following reaction: 

PeO = Fe^^ + Pe^Oj si C2) 
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equivalent to the increase of its velocity by several 
orders* As a result, zinc, copper and lead oxides are 
reduced at a much higher rate in accordance with the 
following reactions: 

ZnO + Pe^-^ ^ Zn1 + PeO (3) 

Cu^O + Pe^-j^ ^ 2Cu + PeO (4) 

Thus, during carbon reduction of nonferrous metals from 
highly basic slags it is . more difficult, as compared to . 
silicate slags, for metallic iron to be separated into an 
independent phase or into blister copper. Therefore, with 
the content of nonferrous metals in the reduced slag 
amounting to 1-1*5% by weigjit (0.5 to 0.7% by weight of 
zinc, 0.3 to 0.5% by weight of copper, 0.01% by weigJit of 
lead), metallic copper containing 1 to 3% by weight of 
iron is found in equilibrium therewith. In contrast, the 
content of zinc in silicate slags xrnder . ^similar condi- 
tions of the melt reduction by means of solid carbonaceous 
material can not be lower than 3.5 to 4% by weight of zinc, 
which is due to the fact that substantial amount of iron 
passes into the bottcmi phase with its melting temperature 
sharply raising to render impossible deep depletion of 
silicate slag because of solidification of the bottom 
phase. Thus, for the total content of nonferrous metals 
to be in the range of 1-1.5% by weight, it takes 10 to 15 
times more time for the depletion of silicate slags than 
for the depletion of highly basic molten slags. Purther- 
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more, such deep depletion results in that copper is con- 
siderably contaminated with metallic iron (not less than 
20% by weigjit of iron) with the melting temperature there- 
of being over 1400°C. Prom the above it follows that in 
comparison with the Japanese Pat* No, 16362/76 cl. C 22 B 
: 15/00, it becomes possible not only to improve the pro-- 
cess characte±istics at the stage of flash smelting of 
sulphide concentrates to produce highly basic slags in 
the presence of oxygen, but to improve the process cha- 
racteristics at the stage of slag depletion by using a 
solid carbonaceous material. To develop the point, the 
amount of zinc recovered from the initial material is 
substantially increased (from 75-80% to 94-97%), the rate 
of sublimation of volatile zinc is enhanced (from 4-12 to 
40-60 kg/m^ per day), with power and labour inputs per 
unit of commercial. product (zinc oxide) being propor- 
tionally reduced. 

According to the invention, the content of silicon 
dioxide in the depleted highly basic molten slag is pre- 
ferably maintained within the range of 3 to 16% by weight 
with the use of silicate flux, whereafter the melt is 
cooled down to a temperature of its complete solidifica- 
tion at a rate of 0,5 to 60 degrees per minute with the 
resultant production of self -disintegrating material from 
which nonferrous metals are finally recovered. On the one 
hand, this will ensure moderate melting temperature of 
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the melt, and the formation of sufficient amounts of di- 
calcium silicate during cooling and solidification of the 
melt, on the other. As the depleted highly basic molten 
slag is cooled down to a temperature of its complete soli- 
dification at a rate of 0^5 to 60 degrees per minute, this 
silicate is produced in the form of fairly pure large-size 
crystals (with average diameter of 40 - 80 mem). At a 
temperature of about 675^0, the crystals of dicalcium sili- 
cate undergo polymorphic transformation, which is followed 
by a 12 to 15% increase in their volume. This, in turn, 
brings about interior strain in the slag monolith. Under 
the influence of this interior strain the monolith is 
spontaneously disintegrated to form particles of a size 
fit for flotation (the yield of this fraction is 75-85%). 
In addition, the temperature decrease at the above-indi- 
cated rate makes possible the separation of copper left 
in the slag in the f onn of droplets with a diameter of 
80 mem (about 70% of copper is recovered from the slag). 
Due to spontaneous disintegration of slag^ and with separa- 
tion of copper therefrom in the form of droplets, the sur- 
faces of which become exposed during spontaneous disintegra 
tion of the slag monolith, final extraction of copper from 
the depleted highly basic slag is simplified. Thus, with 
the content of copper in the depleted slag of 0.3 to 0.5% 
by weight, it is possible to obtain a concentrate by means 
of flotation with the content of copper ranging from 10 



- 15 - 



1218238 

to 15% and with the discarded material containing from 0.1 
to 0.15% by weight of copper (depending upon the initial 
content of copper) • At the same time, following depletion, 
comminution and treatment of silicate slags by flotation, 
they still contain, as a rule, 0,5% by weight of copper 
(at best 0.3% by weight of copper). Therefore, when smelt- 
ing is carried out to produce highly basic slags to xmdergo 
further treatment with carbonaceous material in order to 
obtain self -disintegrating depleted slag, the most arduous 
operations of the separating stage, such as crushing and 
dividing the solid monolith, are ruled out; the loss of 
copper with the discarded material is reduced from 1-1.5 
rel.% to 0.3-0.6 rel.% (in contrast to the smelting fol- 
lowed by the formation of silicate slag). 

According to the invention, the resultant metallic 
copper is preferably submitted to refining in the presence 
of silicate fluxes for the purpose of producing refined 
copper and silicate slag. It has been found that the 
metallic copper produced during treatment of copper- or 
copper-zinc sulphide concentrates contains impurities of 
lead, zinc, iron and other elements to be removed from 
metallic copper. As molten metallic copper is blown 
through mth air in the presence of silicate fluxes, the 
above-mentioned impurities are ozidiaed to pass into sili- 
cate slag where oxides of the metallic impurities are com- 
bined to form strong low-volatile silicates and thus are 
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removed from metallic copper. Simultaneously, copper Is 
partially ozidized to form copper oxide which also passes 
into silicate slag and is partially dissolved in metallic 
copper to oxidize metallic impurities. Since during refin- 
ing of metallic copper the melt is intensively mixed with 
air, the dissolving of silicate flux proceeds at a rapid 
rate even when large -size liamps of silicate flux are used. 
Therefore, with a view to reducing the loss of heat dur- 
ing transportation of metallic copper for refining, the 
latter is preferably delivered to this stage in molten 
state. 

According to the invention, the metallic copper ob- 
tained during flash smelting of concentrates in the pre- 
sence of oxygen in the cotirse of treatment of the dispersed 
mixture of higjily basic molten slag, metallic copper or 
white matte with a solid carbonaceous material, and the 
metallic copper obtained during treatment of higpaly basic 
molten slag with a solid carbonaceous material, are dis- 
charged separately. 

It has been found that during flash smelting of cop- 
per- or copper-zinc concentrate in the presence of basic 
fluxes, the resultant metallic copper contains up to 90^ 
of copper contained in the initial material fed for smelt- 
ing. The metallic copper produced at the stage of flash 
smelting is preferably withdrawn from the process with 
only highly basic oxide melt being fed for carbon treat- 
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ment. This permits the bulk of copper (up to 90 rel.%) to 
be obtained in the form of commercial product, the purest 
possible for the given type of initial material, whereas 
the copper residue in the oxide melt is preferably extract- 
ed in the form of less pure metal at the stage of carbon 
treatment of slag. The foreign-metal impurities such as 
lead, zinc and iron pass into metallic copper mostly in the 
form of metals which are obtained as intermediate products 
resultant from the reaction between corresponding sulphides 
and oxides, and according to reactions (2) and (3). Since 
in the process of flash smelting, due to high oxidation 
potential of the mediim, the concentration of such inter- 
mediate products cannot be higji (it has maximum value for 
lead), as also the degree of transition of lead, zinc and 
iron into metallic copper. At the stage of carbon treat- 
ment of the highly basic melt, the oxides of copper, lead, 
zinc and, in part, of iron are reduced to metals. It 
should be observed that witii the residual total content of 
copper, zinc and lead in the oxide melt being 1 to 1.5% 
by weight, metallic copper containing up to 8% by weigjit 
of lead, up to 1.5SS by weight of zinc and up to 2% by 
weight of iron will be in equilibrium therewith. However, 
since the bulk of copper contained in the initial material 
is recovered prior to the stage of carbon treatment in the 
purest possible form, the overall contamiaatLon of metallic 
copper with the above-mentioned impurities turns out to be 
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2 to 3 times lower during separate tapping in contrast to 
the practice when all copper is tapped following the 
stage of slag treatment. In addition, during separate dis- 
charging of metallic copper, direct recovery of zinc and 
lead in the form of sublimates inside the furnace is in- 
creased by 6 to 8 rel.%, which brings down the losses of 
these metals v/ith metallic copper. 

According to the invention, the silicate slag pro- 
duced during refining of metallic copper is preferably 
used as the silicate fliax, which may contain up to 50% by 
weight of copper, up to 10% by weight of zinc, up to 10% 
by weight of lead, since these metals are present in the 
slag basically in the form of oxides, the slag should be 
subjected to treatment with carbonaceous material. On the 
other hand, the slag resultant from refining of metallic 
copper contains silicon dioxide which is preferably in- 
troduced for processing copper- and copper-zinc sulphide 
concentrates so as to obtain a, self -disintegrating slag 
monolith required for subsequent final recovery of non- 
ferrous metals. Both of these tasks are successfully 
fulfilled if the above-mentioned slag is used as the 
silicate fliix. 

According to the invention, the silicate flux is pre- 
ferably introduced for use in flash smelting of the con- 
centrate. Due to the fact that high temperature (over 
1500**C) is developed in the course of flash smelting of 
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sulphide concentrate in the presence of oxygen, a refrac- 
tory material, such as quartz sand reduced to a size of 
minus 0.5 mm, is preferably used as the silicate flux. 
The presence of silicon dioxide in the furnace burden 
brings down the effect of formation of oxysulphide phases 
on the base of calcium oxide and copper and zinc sulphides. 
However, since silicate flxxx is fed for smelting in the 
form of a refractory material, the dissolving of silicon 
dioxide in the resultant highly basic melt takes place 
mainly when the process of oxidation of metal sulphides in 
suspension has been completed. Therefore, adversary effect 
of silicon dioxide on the flash smelting of sulphide con- 
centrate turns out to be insignificant, with refractory 
silicate material being successfully used in the process. 

According to the present invention, the silicate 
flux is preferably introduced into the molten highly basic 
slag produced during flash smelting of the concentrate. 
This will make it possible to reduce the load with regard 
to the inert material (silicon dioxide) at the stage of 
flash smelting of sulphide concentrate. At the same time, 
this allows for the heat liberation processes during oxida- 
tion of metal sulphides and the heat absorption processes 
during dissolution of silicate flxxx in the higjily basic 
melt to be run at minimum intervals. This technique is ad- 
vised when the silicate slag resultant from refining metal- 
lic copper is used as the silicate flux, which containts 
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all components predominantly in oxidized state. Since 
this type of silicate slag has relatively low temperature 
(about 1200^0), it is readily dissolved in the dispersed 
highly basic slag having a temperature of more than 1500<>C* 
However, to avoid oversaturation of the resultant melt 
with silicon dioxide and settling of refractory dicalciiom 
silicate, the silicate slag from refining of metallic cop- 
per should be fed at regular intervals. 

According to the invention the silicate flux is pre- 
ferably introduced into the depleted highly basic molten 
slag, which permits proportional reduction in load with 
regard to an inert material at the stage of flash smelting 
of sulphide concentrate and at the stage of treatment of 
the highly basic molten slag with a solid carbonaceous 
material. In addition, the presence of silicon dioxide at 
the stage of treatment of the highly basic melt somewhat 
brings down the process rate and leads to an increase in 
the melting temperature of the melt (up to 1330^0, with 
the content of silicon dioxide in the melt being 20% by- 
weight). 'Therefore, when treatment of the higjily basic melt 
is carried out v/ith the content of silicon dioxide (deter- 
mined by the composition of sulphide concentrate) being at 
its lowest, the rate of flash smelting for the given type 
of concentrate is the higjiest and the rate of recovery of 
nonferrous metals from the highly basic slag is maximal. 
According to the present invention, the depleted 
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silicate slag poor in nonferrous metals is preferably used 
as the silicate flux. This is advised when silicate flux 
is introduced into the highly basic slag poor in nonfer- 
rous metals. However, the content of nonferrous metals 
(copper, lead) should be more than 0.5% toy weight. Such a 
lovf content of nonferrous metals in silicate slag permits 
their extraction to produce the concentrate after obtain- 
ing self -disintegrating slag monolith and final recovery of 
nonferrous metals, for example, by flotation methods- The 
current pyrometallurgical techniques used for smelting cop- 
per with the resultant formation of silicate slag make it 
possible to bring the content of copper therein up to 0.5% 
by weight, this being much higher than with the method of 
the present invention (0.1 - 0.15% by weight of copper). 
Therefore, such depleted silicate slags may be used in the 

given method. 

Further objects and advantages of the present in- 
vention will become more apparent to those skilled in the 
art upon a further reading of this disclosure, particularly 
when viewed in the light of illustrative examples. 

Detailed Description of the Preferred Embodiment 

Sulphide copper concentrate normally containing 15 
to 30 percent by weight of copper, 20 to 35 percent by 
weight of iron, 27 to 40 percent by weight of sulphur, up 
to 4 percent by weight of silicon dioxide, or sulphide 
copper-zinc concentrate containing 6 to 20 percent by 
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weight of copper, 4 to 24 percent by weigjit of zinc, 25 to 
30 percent by weight of iron, up to 3»5 percent by weight 
of lead, 30 to 35 percent by weight of sulphur, up to 6 
percent by weigjit of silicon dioxide, as well as aluminium 
and magnesium oxides, are produced by means of flotation 
from copper- and copper-z*inc ores reduced to a size frac- 
tion of minus 74 mem. Where complex ores are subjected to 
dressing by flotation, preference may be given to the pro- 
duction of either monometallic (copper or zinc) concentra- 
tes or polymetallic (copper-zinc) concentrates, depending 
on the morphology of ores* This being done to increase the 
content of nonferrous metals in the resultant concentrates. 
According to the invention, the copper- or copper-zinc con- 
centrate with a size particle of 74 mem is mixed with lime 
flux (calcium carbonate, hydrated lime, calcium oxide) 
reduced to a size of minus 1 mm* The resultant mixture of 
concentrates and fluxes is dried to a residual hximidity of 
about 1% by weight. Tl^e dried mixture prepared from finely 
divided concentrates and flvixes is fed into a mixer Twhich 
is continuously supplied with the dust collected in an 
emission gas control system. Then, by means of a charge- 
-oxygen burner, arranged in the melting chamber, the 
mixture of concentrates, fluxes and reusable dust is con- 
tinuously injected in a flow of oxygen into the melting 
chamber wherein the mixture is pulverized to become sus- 
pended. Under the influence of high temperature, which 
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has risen in the shaft in the course of "burning of the 
preceding portions of similar mixture, the sulphide mate- 
rial is ignited in the presence of oxygen, the rate of its 
oxidation is accelerated and, under the influence of 
liberating heat, calcium carbonate is decomposed to pro- 
duce calcium oxide. The resultant calcium oxide and non- 
-oxidized particles of sulphides of nonferrous metals and 
iron, as well as zinc, copper, iron and lead oxides resul- 
tant from their oxidation, are dissolved in one another to 
form low-melting oxysulphide phases which continue to 
interact with oxygen to produce sulphurous anhydride and 
metallic copper or white matte. At this stage, silicon 
dioxide and aliminium oxide present in the mixture, pass 
into the melt of oxides. Thus, a dispersed mixture of 
metallic copper or white matte and highly basic molten 
slag with zinc, lead and copper oxides dissolved therein.., 
descend to the shaft bottom to settle on the surface of 
the melt disposed therein. This dispersed mixture is 
separated according to specific weights in two layers, of 
which one layer is bigjily basic molten slag and the other 
is metallic copper or white matte. At this stage, the rat 
of recovery of copper to obtain the above-mentioned pro- 
ducts (copper or white matte) reaches 90% of the amount 
of copper contained in the initial material supplied for 
smelting, with the rate of recovery of such foreign-metal 
impurities as lead, zinc and iron to obtain metallic cop- 
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per or white matte being minimal. Therefore, metallic copper 
or white matte is withdrawn from the process after the 
stage of flash smelting and separation into layers of the 
dispersed mixture, while highly basic slag is fed for 
treatment to extract therefrom zinc, lead and the residue 
of copper dissolved in the form of oxide (3 to 6 percent 
by weight of copper). The gaseous products resultant from 
smelting of sulphide concentrates, which contain more than 
99?S of sulpliide sulphur fed for smelting (to produce metal- 
lic copper) or about 85% of sulphide sulphur fed for 
smelting (to produce white matte) are directed together 
with dust to a dust collecting system wherein hard partic- 
les are separated from gases and continuously returned for 
flash smelting of the initial sulphide material. Free from 
hard particles and having a high content of sulphurous an- 
hydride (up to 80% by volume), these gases are then used 
for the recovery of sulphur. To perform depletion of higihly 
basic molten slag, the latter is tapped into an electric 
furnace while a solid carbonaceous material (coke breeze 
or coal) is charged onto the surface of the melt. The car- 
bonaceous material is introduced in an amount sufficient 
to provide for the reduction of copper, lead and zinc 
oxides* Under the influence of high temperature, copper 
oxide is reduced to metallic copper settled down at the 
bottom of the electric furnace, and zinc oxide passes 
into metallic zinc which is volatilized to be removed 
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together with carbon oxide and carbon dioxide from the 
electric furnace in the form of a vapour- gas mixture. 
Under these conditions, lead oxide is also reduced to 
metal and metallic lead is partly (by 30 to 40%) passed 
into metallic copper and is partly volatilized to be 
removed from the electric furnace in the form of the above- 
mentioned vapour- gas— mixture. This mixture may be either 
cooled with zinc and copper condensed in the form of metal- 
lic alloy, or else it can be mixed with air. At the same 
time, the vapours of metals will pass into corresponding 
oxides, with CO oxidized to CO 2* The oxides of zinc and 
lead are collected to be fed for further treatment. The 
metallic copper obtained during treatment of highly basic 
molten slag is removed from the furnace to undergo refin- 
ing. After treatment, the slag is tapped from the furnace 
either continuously or intermittently. It is suitable for 
further use in other branches of industry, for example, in 
the production of client. 

In order to obtain impoverished slag in the form of 
a self-disintegrading material, it is necessary that the 
impoverished molten slag with the amount 3 to 16 percent 
by weight of silicon dioxide contained therein should be 
produced by adding silicate flux. Thereafter, the highly 
basic molten slag is cooled to a temperature of its comp- 
lete solidification (about 1000*>C) at a rate of 0-5 to 60 
degrees per min. ^^fhere quartz is used as the silicate flux. 
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it is preferably introduced in the form of quartz sand 
with a particle size of minus 0,5 mm in mixture with lime 
flux at the stage of flash smelting of sulphide concentra- 
te. Since high temperature (over 1500°C) is developed dur- 
ing flash smelting of sulphide concentrate in commercial 
oxygen, the crushed refractory silicate flux rapidly 
passes into the resultant highly basic molten slag directly 
at the stage of flash smelting. The amounts of lime and 
silicate to be added to the given sulphide concentrate are 
determined by appropriate calculations normally used in 
metallurgical practice. For instance, the composition of 
slag with regard to its main components /CaO, SiO^, MgO, 
AI2O3, FeO, Pe^O-j / is determined either experimentally or 
on the strength of chemical analysis. This type of slag 
could be produced during smelting of the aoncentrate in the 
absence of fluxes. It is to be assumed for the sake of simp- 
licity, that nonferrous metals are removed completely , and 
the overall content of the main components is calculated 
in such a slag. V/ith a prescribed content of calcium oxide 
and silicon dioxide in the highly basic slag, the amounts 
of components (SiOg and CaO) to be introduced into the pro- 
cess are determined in accordance with constitutive rela- 
tion. Then, corrections are introduced with regard to the 
contents of lime and silicon dioxide in the selected lime 
and silicate materials. Since the calculation is made for 
the depleted slag, it is of no importance at what stage a 



- 27 - 



1218238 



given type of flux is introduced. 

The depleted highly basic melt containing from 3 to 
16% by weight of silicon dioxide, used to produce a slag 
monolith prone to spontaneous disintegration with the re- 
sultant particles having minus 74 mem in size, should he 
cooled down to a temperature of its complete solidifica- 
tion at a rate of 0^5 to 60^ per man. To maintain the 
rate of cooling of the molten slag within the above range, 
the depleted highly basic slag is poured into ladles so 
as to permit the melt to be cooled in the air during its 
natural convection. For example > with the ladle external 
surface to the ladle volume ratio being 4 m /m-', the melt 
is cooled to a temperature of its complete solidification 
at the rate of 3 deg. per min. The effect' of the slag 
spontaneous disintegration is observed at a temperature 
of 600-500OC. In the process of cooling and solidifica- 
tion of the melt, about 80 rel.% of the residual amount 
of copper is separated in the form of regulus of metallic 
copper with a particle size being 40 to 50 mem. After 
comminution of the obtained powder slag, the regulus- 
-f ormed metallic copper is treated by flotation methods to 
yield copper concentrate with the content of copper not 
lower than 8wt.% (the yield of concentrate being less than 
G% by wei^t of slag), so that the amoimt of copper in the 
taili-ngs of flotation, with the initial content of copper 
in the depleted highly basic slag of 0.5wt,%, remains in 
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the range of 0,1 to 0*15 percent by weight of copper. The 
controlled comminution does not require much power input, 
since after cooling the melt at a rate of 0*5 to 60 deg, 
per minute, coarse particles of slag (amounting to 15-20% 
by weight of slag) have very lov; mechanical strength. The 
tailings of flotation are suitable for other commercial 
applications with iron and calcium oxides contained therein 
as basic components (the overall amount being 60 to 70wt*%)^ 
According to tlie present invention, the metallic cop- 
per obtained during processing of sulphide copper- or sul- 
phide copper-zinc concentrates is subjected to refining 
preferably in the presence of silicate fluxes with the 
resultant production of purified copper and silicate slag. 
Thus, tlie properties of silicate flux can be used to com- 
bine zinc, lead and iron oxides, resultant from refining 
of metallic copper, into respective silicates. This makes 
it possible to bring down the waste of metals carried away 
with dust during refining of metallic copper. Furthermore, 
in the course of refining of metallic copper in the pre- 
sence of silicate fluxes, tlie rate of their dissolution 
is enhanced due to. intensive stiorring of molten copper 
during its refining. The flows of reusable materials are 
also diminished due to the fact that the slag resultant 
from refining of metallic copper contains several compo- 
nents required for the process, namely, silicon dioxide, 
copper, zinc and lead. 
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According to the invention, the metallic copper 
obtained during flash smelting of the concentrate in the 
presence of oxygen and the. metallic copper obtained during 
treatment of the higjily basic molten slag with a solid car- 
bonaceous material, are preferably discharged separately* 
As a result, the bulk of copper (up to 90 rel.%) is obtain- 
ed in the form of commercial product, the purest possible 
for the given type of initial material • The residual amoxint 
of copper is recovered from the oxide melt in the form of 
more contaminated metal at the stage of carbon treatment 
of slag. Such foreign-metal imporities as lead, zinc and 
iron pass into metallic copper mainly in the form of metals 
resultant as inteimediate products from the interaction of 
corresponding sulphides and oxides, and in accordance with 
reactions (2) and (3). Since oxidation potential of the 
medium is fairly high dxiring flash smelting in the presence 
of oxygen, the concentration of such intermediate products 
cannot be high (it is at its maximum for lead). Hence is 
relatively small degree of transition of lead, zinc and 
iron into metallic copper. At the stage of carbon treat- 
ment of the higJily basic melt, copper, lead, zinc and 
partly iron oxides are reduced to metals. With the residual 
amoimt of copper, zinc and lead in the melt being 1-1.5% by 
weight, metallic copper containing up to &% by weight of 
lead, up to 1.5% by weigiit of zinc and up to 2% by weight 
of iron, will be in equilibrium therewith. Since, however. 
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the bulk of copper fed with the initial material is 
extracted before the stage of carbon treatment in the 
purest form, the total contamination of metallic copper 
with the above-mentioned inclusions during separate dis- 
charging turns out to be 2-3 times lower than at a time 
of discharging the whole of copper following the stage of 
slag treatment. In addition, during separate discharge of 
metallic copper, the direct recovery of zinc as well as 
lead in the form of sublimates in the electric furnace is 
raised by 6 to 8 rel,% due to a decrease in the waiate of 
these metals lost with metallic copper. Thus, separate 
discharging and separate refining of metallic copper make 
it possible to bring down the overall duration of the 
copper refining cycle and the amount of resultant slags 
with zinc and lead oxides concentrated therein and with 
copper oxide passing thereinto. 

The silicate slag obtained during copper refining 
process is preferably used as the silicate flux in the 
process of treatment of sxxlphide copper- and sulphide 
copper-zinc concentrates. Thus, the process of transi- 
tion of silicate flux into the highly basic molten flux 
is accelerated, since the slag melting temperature is at 
least 500«*C lower than the melting temperature of silicon 
dioxide. Therefore, this type of slag is precrushed to a 
size of minus 10 ram before it is into the charge fed for 
flash smelting of the sulphide concentrate, or into the 
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dispersed highly basic slag obtained during flash smelt- 
ing of the concentrate. The amount of silicate slag to be 
introduced into the charge so as to obtain depleted slag 
with the content of silicon dioxide therein ranging from 3 
to I6wt% is calculated in a manner similar to that des- 
cribed above. Silicate flux can be introduced into the 
highly basic molten slag resultant from flash smelting of 
sulphide concentrate. The introduction of silicate flux 
after the melting process is conducive to maintaining 
high rate of interaction betvfeen metal sulphides and the 
gas-phase oxygen xn the course of flash smelting, insofar 
as silicon dioxide brings down the degree of mutual solu- 
bility of sulphides and calcium oxide with the formation 
of oxysulphide low-roelting phases which act to step up 
interaction of the sulphide concentrates with the gas- 
-phase oxygen. This procedure is advisable when the sili- 
cate flixx used is a low-melting material (with a melting 
temperature of about 1200«'C) containing nonferrous metals 
which could be extracted during subsequent treatment of 
highly basic molten slag with a solid carbonaceous mate- 
rial. Such silicate slag is first precrushed (with frac- 
tion size of minus 10 mm) and then charged into the melt- 
ing chamber. It is fed substantially continuously so as 
to avoid local supersaturation and supercooling of the 
melt and to step up the process of assimilation of the 
silicate flux by the highly basic molten slag. For examp- 
le, the slag resultant from refining of metallic copper 
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may be used as the silicate flux in question. 

Silicate flux can also be introduced into the charge 
used for flash smelting of the sulphide copper- or sulphi- 
de copper-zinc concentrate, with the material used as the 
silicate flux having a high content of silicon dioxide 
and, consequently, high melting temperature, as well as 
containing sulphide sulphur. For example, the tailings 
resultant from treatment of sulphide ores, which along 
with silicon dioxide (over 60 wt.%) contain ferric sul- 
phides , are frequently used as the silicate flux. In this 
case, owing to the fact that the introduction of ferric 
sulphides provides for additional liberation of heat in 
the course of their oxidation in suspension, the oxida- 
tion of sulphide concentrates is not impaired despite 
the introduction of silicate flux into the charge. Such 
silicate flux is preferably ground to a particle size of 
up to minus 0^5 mm, which permits silicon dioxide to be 
dissolved in the dispersed highly basic molten slag at 
the final stage of flash smelting of sulphide concentrate 
in mixture with f lixxes- 

In addition, the silicate flux is preferably in- 
troduced into the highly basic molten slag after the lat- 
ter is depleted. This permits the highly basic molten 
slag to be treated with a carbonaceous material while 
preserving a minimum content of silicon dioxide in the 
melt for the given type of initial material. This permits 
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oxides of nonferrous metals to be reduced at a high rate 
by means of carbonaceous material and leads to a higher 
production rate at the stage of depletion. While making 
use of this technique, it is advisable to employ silicate 
flux with a low melting temperature (about 1200°C). In 
addition, it should be precmished to have a particle size 
of minus 10 mm before being fed for use. V/hile the slag 
treating process is carried out intermittently with regard 
to its tapping from the electric furnace, the silicate 
slag is discharged prior to tapping the depleted slag. 
With the depleted slag being discharged continuously, the 
silicate flux is likewise charged continuously into the 
slag tapping in the electric furnace. 

The silicate slag poor in nonferrous metals is pre- 
ferably used as the silicate flux. Silicate slags obtain- 
ed at present during pyrometallurgical smelting of copper 
contain copper and other metals in an amount of about 
0.5% by weight of copper, which significantly surpasses 
the minimum (0.1 - 0.15% by weight of copper) obtainable 
with the method of the invention. Therefore, by using 
depleted silicate slags as the silicate flux to be in- 
troduced into the highly basic molten slag after its 
depletion, it is possible to recover from 60 to 80 rel.% of 
copper introduced together with the silicate slag. 

The method of the invention can be performed by 
oxidising the initial material in a solid-phase state 
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until its complete desulphurization (or until copper to 
sulphur weight ratio is about 4:1, ensuring formation of 
white matte). Then, necessary fluxes are added to the re- 
sultant roasted product, the charge is melted to produce 
highly basic molten slag, metallic copper or white matte, 
whereupon the highly basic melt is treated with a carbo- 
naceous reducing agent. 

The method of the invention can be successfully per- 
formed by means of conventional metallurgic equipment. Por 
example, highly efficient f luidized-bed roasting furnaces 
now in use are well suited for roasting and oxidizing pro- 
cesses. Therefore, there is no need in constructing special 
metallurgical units for flash smelting of sulphide con- 
centrates. 

In addition, the present invention pexmits the use 
of a method as described in Japanese Pat. IJo. 16362/76 , ac- 
cording to which zinc vapour, obtained during treatment of 
highly basic molten slag with a carbonaceous material, are 
cooled and condensed to produce metallic zinc. 

Prom the above it follows that the method of process- 
ing copper or copper-zinc sulphide concentrates is in many 
ways superior to the prior-art methods, its advantages 
being the following: 

- the conversion of copper matte is expelled from 
the operating process; 

- the recovery of sulphur contained in gases rich in 
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sulphurous anhydride is effected in a single stage; 

- full utilization is made of the heating capacity 
of the sulphide material; 

- a complex zinc-bearing material is oxidized at a 
fairly higji rate; 

- the degree of recovery of zinc in oxidized zinc 
sublimates is substantially enhanced; 

- the rate of zinc evaporation is upped several times 
during electrothermic treatment of slags; 

- the process of treatment is characterized by a lov/ 
residue of nonferrous metals in slag (the total amoxint of 
1% by weigjit); 

- the depleted slag may be obtained in the form of a 
self -disintegrating product, which facilitates final reco- 
very of nonferrous metals therefrom; 

- poTwer inputs are brougjit dovna approxijnately in pro- 
portion with the increase in the production rate at the 
stage of electrothermic treatment, 

The method of the invention also allows processing 
of sulphide copper- or copper-zinc concentrates with the con^- 
tent of lead substantially exceeding 4 wt.%, in particular, 
copper-lead-zinc concentrates (10-20wt.% copper, 6-20wt.% 
lead, 10-15wt.% zinc), as well as lead-zinc and lead sul- 
phide concentrates (up to 70wt.% lead, about 3wt,% copper, 
up to I6wt.% zinc), since the behaviour of lead compounds 
at the stage of flash smelting in the presence of oxygen 
and at the stage of reduction of the higjily basic melt is 
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fairly similar to the behaviour of analogous copper com- 
pounds, while the presence of lead has almost no effect 
on the above-described process of obtaining zinc in the 
form of a commercial product. 

The invention will be further described by the fol- 
lowing illustrative Examples. 
Example 1 

A sulphide copper concentrate v^ith a particle size 
of minus 74 mem, produced by flotation from copper ore and 
having the following composition, in percent by weigjit: 



copper * 23,25 

iron 30.58 

sulphur 35*49 

zinc 0.15 

lead ' 0.01 

silicon dioxide l.B 

calcium oxide 2.57 

aluminium oxide 1.44 

magnesium oxide ...,•0.99 



was used as the initial material. A precrushed limestone 
(viith a fraction size of minus 1 ram) v/as added to the 
initial material as calculated in terms of pure calcium 
oxide taken in an amount of 20% by weight of the initial 
sulphide material* The charge was then dried xintil its 
humidity was about 1% by weight. 

The resultant dried charge was continuously fed 
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into a mixer, with the dust resultant from cleaning of 
gases produced in the course of flash smelting being con- 
tinuously introduced into the charge in the mixer* The 
charge mixed with dust was suspended in a flow of commer- 
cial oxygen (380 nm^ per ton of concentrate) hy means of 
an oxygen burner so as to be intermittently introduced 

into the melting charge* Specific load in terms of the 

2 

charge in the melting zone was 50 tons per 1 m per 
day- Under the influence of high temperature, the charge 
was ignited in the presence of oxygen, then melted with 
calcium carbonate passing into oxide; sulphide sulphur 
was oxidized to sulphurous anhydride. Thus, a dispersed 
mixture of metallic copper and higjily basic molten slag 
descended to the bottom of the shaft onto the surface of 
the melt. Directly imder the flame in the acne of flash 
smelting, the dispersed mixture was separated into two 
layers in accordance with specific weights, of which one 
was metallic copper and the other molten slag. The metal- 
lic copper obtaiJied during flash smelting was periodically 
discharged (because of insufficient volume of the metal- 
lurgical xinit), while slag was continuously fed into the 
electric furnace. The gases resultant from flash smelting 
were directed together with dust for treatment. The col- 
lected dust was continuously returned into the charge fed 
for flash smelting of sulphide concentrate. The highly 
basic slag incoming to the electric furnace contained, in 
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percent by weight : 



copper 



3.23 (in the form of oxide) 



zinc 



0.18 



calcitun oxide 



29*1 



iron 



39.47 



silicon dioxide 



2,97 



The yield of slag was 77.5% by weight of the con- 



centrate, and 25.03 kg of copper in the form of copper 
oxide was introduced together with the slag into the elec- 
tric furnace per ton of concentrate. According to stoichio- 
metric requirements, 4.7 kg of carbon is needed for copper 
oxide to be reduced to metal. Coke breeze was charged into 
the electric furnace onto the melt surface in an amount of 
9.7 kg per ton of concentrate as calculated in terms of 
pure carbon. Metal oxide from the molten slag was reduced 
by means of carbon to metallic copper which was deposited 
at the bottom of the electric furnace. Specific load of 
the electric furnace in terms of slag during its treat- 
ment with coke breeze was 10 tons per sq. meter per day. 
The carbon oxide resultant from the reduction of. slag was 
removed from the electric furnace with a small amount of 
zinc vapour, whereupon it was mixed with air and oxidized 
to CO^ and zinc oxide which was collected in the form of 
dust. Metallic copper and depleted highly basic slag were 
periodically discharged from the electric furnace. 



Metallic copper was subjected to refining in a martner 
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that silicon dioxide was introduced onto the surface of 
molten copper in the form of quartz in an amount of 4-5 kg 
of silicon dioxide per kg of iron. Then a flow of air was 
hlown through the molten copper to produce refined copper 
(99.2wt.% copper) and silicate alag containing 36»6wt.% 
copper, 0.3wt.% zinc, O.lwt.% lead, 9.2wt.% iron, 0.9wt.% 
calciiom oxide, 'l.5\vt.% aliiminiiam oxide,43.5wt silicon 
dioxide* 

The total amount of copper extracted from the con- 
centrate in metallic copper was 99.33%; the amount of cop- 
per recovered during flash smelting of the concentrate was 
89.33%, and during depletion of the highly basic melt in 
the electric furnace - 10.10% of copper fed with the con- 
centrate. The content of copper in the depleted slag was 
0.21wt*% and that of zinc 0.09wt.%. 

The metallic copper produced during flash smeltijag 
of the concentrate had the following composition, in per 
cent "by weigjit: 

copper ♦ 98 • 58 

iron • • 0.07 

ainc 0.001 

lead 0.005 

sulphur 0.15 

The metallic copper obtained during treatment of 
slag in the electric furnace contained, in percent by 
weigjit : 
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copper 95.88 

iron 1*35 

zinc 0.001 

lead 0.039 

sulphur ......... 0.16 

Average quality characteristics of metallic copper 
obtained at the both stages, in percent by weight: 

copper ....... 97.18 

iron 0.22 

zinc 0.001 

lead 0.019 

sulphur 0.16 

The refined metallic copper contained, in percent by 

weight : 

copper ,...99.2 

iron • • 0.01 

zinc less than . 0.001 

lead . 0.001 

sulphur 0.02 

The recovery of copper from the concentrate was 
98.495 of the amount of copper fed for smelting, with 
0.89 rel.% passing into reusable silicate slag. 

Basic process parameters of Example 1 are given in,. 
Table 1. 
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Table 1 

Basic Process characteristics of sulphide copper 
concentrates treatment 



Nos 


Characteristics 


Bx.l Ex, 2 


1 


2 


3 


4 


1. 


Specific production rate at the stage 








of flash smelting of concentrate and 








fiuxes, tons per day per sq. meter of 








area tmder smelting and oxidation 


50 


50 


2, 


Plov/ rate of oxygen per ton of con- 








centrate (100% 0^), msi^ 


380 


335 




Average composition of the copper- 


metallic 


wliixe 




-containing product obtained after 


copper 


matte 




treatment of initial material, vrt 








copper 


97.18 


76.65 




iron 


0.22 


2.19 




zinc 


0.001 


0.06 




lead 


0.019 


-0.024 




sulphur 


0.11 


20.38 


4* 


Composition of slag with regard to 








nonferrous metals after its treat- 








ment with carbonaceous material in 








electric furnace, wt,% 








copper 


0,21 


0.23 




zinc 


0.09 


0.06 




The content of copper and sulphur 








in the processed product, in percent 








of that introduced v/ith sulphide 








material 








copper 


99.33 


99.05 




sulphur into 








gases 


99.9 


85.4 
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1 2 3 4 

6. Production capacity of electric 
furnace in terms of slag during 
its treatment with carbonaceous 

material, t/m^ per day 10 8 

Example 2 

The method is carried out as described in Example 1, 
except that as a result of smelting white matte was pro- 
duced (with the flow rate of oxygen being 335 nm per ton 
of concentrate)* 

The test results are given in Table 1. 

As proceeds from Examples 1 and 2, it becomes possib- 
le, during both flash smelting followed by the production 
of white matte or during smelting followed by the produc- 
tion of metallic copper, to ensure: 

- a high content of copper in metallic copper and 
of zinc in zinc sublimates at a low degree of reduction 
of iron to metallic iron; 

- a low content of copper and zinc in the depleted 
slag resultant from the treatment of melt with a solid 
carbonaceous material; 

- a low degree of iron transition into metallic 
copper, which brings about a fusion temperature close to 
the fusion temperature of pure metallic copper (1083^0 )♦ 
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Such combination of process characteristics permits 
effective processing of the sulphide copper- and sulphide 
copper-zinc concentrates to be carried out with resultant 
production of metallic copper, zinc sublimates and of 
slags poor in copper and zinc after performing oxidizing 
roasting and smelting of the above-mentioned sulphide con- 
centrates. 
Example 3 

Initial sulphide copper-zinc concentrate, containing 
the following components in percent by weight: 



copper 22.08 

zinc 8.69 

lead 1.59 

iron 24.41 

sulphur 32.71 

silicon dioxide 1.25 

calcium oxide ........1.01 

magnesium oxide 0.05 

aluminium oxide 0.03, 



was mixed with limestone crushed to a particle size of 
minus 1 mm as calculated in terms of pure CaO 15.3% by 
weight of the initial sulphide material. Tlxe resultant 
mixture was dried until its humidity was about lwt.%. 
The dried charge was continuously fed into a mixer to 
be mixed therein with continuously fed reusable dust ob- 
tained by cleaning of ^ses during flash smelting. The 
charge and dust mixture was suspended in a flow of com- 
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mercial oxygen by means of an oxygen burner so as to be 
continuously fed into the melting chamber. Specific load 
in terms of the charge in the melting zone was 50 tons 
per sq. meter per day. Under the influence of high tempe- 
rature, the charge was ignited in the presence of oxygen, 
then melted to produce a dispersed mixture of highly 
basic slag and metallic copper. Directly under the flame 
in the zone of flash smelting, the dispersed mixture was 
separated into two layers in accordance with specific 
weights, of which one was metallic copper and the other 
molten slag. The resultant metallic copper and slag were 
continuously fed into an electric furnace, while gases 
produced during flash smelting were directed to treat- 
ment to be cleaned of dust. The collected dust was reused 
for flash smelting of the concentrate. The highly basic 
slag incoming to the electric furnace, containing about 
5.5 Wt.% copper, 12 wt.% zinc, 2.2 wt.% lead, was treated 
with coal which was intermittently introduced in an 
amount of 33 kg per ton of concentrate as calculated in 
terms of pure carbon (in addition to the stoichiometric 
required for reduction of copper and zinc oxides, it 
amounted to 12.7 kg per ton of concentrate). The copper 
oxide from the molten highly basic slag was reduced by 
means of carbon to metallic copper which was deposited 
at the bottom of the electric furnace, with metallic lead 
partially passing thereinto. Zinc oxide was reduced to 
metal which evaporized and then was removed together with 



- 45 - 



1218238 



the residual amount of lead from the electric furnace in 
the form of vapour-gas phase so as to be thereafter col- 
lected after its oxidation in the form of oxidized zinc 

sublimates. The yield of zinc (in the form of sublimates) 
2 

was 48 kg/m .h. Metallic copper and depleted slag were 
discharged from the electric furnace, whereupon the slag 
was cooled in the air at a rate of 2.5 deg. per min. The 
slag discharged from the electric furnace contained 0.46% 
by weight of copper and 0.75% by weight of zinc. In other 
words, the waste of these metals with slag amount, respec- 
tively, to 1.13 and 4.66% of the amount of copper and zinc 
fed for smelting. 

The test results are given in Table 2. 
Example 4 

A method was carried out as described in Example 3, 
except that silicate flux in the form of quartz sand 
(fraction minus 0^5 mm) was additionaly introduced into 
the charge in the presence of basic fluxes as calculated 
for pure silicon dioxide amounting to 0.45% by weight of 
the initial sulphide material, with nonferrous metals being 
finally recovered from the depleted slag after spontaneous 
disintegration thereof by a flotation method. 

The test results are given in Table 2. 
Example 5 

A method was carried out as described in Example 3, 
except that silicate flux in the form of silicate slag 
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(with a fraction of minus 10 rnm) was introduced into the 
highly basic molten slag obtained during flash smelting 
of the initial sulphide copper-zinc concentrate. The sili- 
cate slag resultant from refining of metallic copper 
(36,3v^t,% copper, 0.3wt,% zinc, 9.2wt.% iron, 0.9wt.% cal- 
cium oxide, 43.5wt.% silicon dioxide) v/as taken in an 
amount of 1.3% by weight of the initial sulphide concent- 
rate, with nonferrous metals being finally recovered from 
the depleted slag after its spontaneous disintegration by 
flotation methods. 

The test results are given in Table 2. 

Table 2 

Test Results on the Study of Conditions Occur- 
ring During Spontaneous Disintegration of Slags 



Ho, 
Ex, 



Composition of Depleted 
SlaK, wt.% 



Silicon 
dioxide 



Zinc 



Cop- 
per 



Rate of cooling 
_at vrfhich depleted 
slag is cooled to 
a temperature of 
'its solidifica- 
tion, deg. per min 



Effect of 
sponta- 
neous dis- 
integra* 
tion of 
slag (yes 
or no) 



1 


2 


3 


4 


5 


6 


3 


2,3 


0,75 


0,46 


2,5 


No 


4 


3,1 


0,76 


0,45 


2,5 


Yes 


5 


4,7 


0,77 


0,43 


2,5 


Yes 


6 


10,3 


0,73 


0,48 


2,5 


Yes 


7 


14,5 


0,75 


0,49 


2,5. 


Yes 


8 


16,5 


0,77 


0,48 


2,5 


Yes 
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1 2 3 4 5 6 

9 10,3 0,73 0,47 60 Yes 

10 10,3 0,74 0,48 70 No 

11 10,3 0,74 0,48 0,5 Yes 

12 20,0 0,80 0,49 2,5 Yes 



Table 2 (Cont^d) 
Test Results on tlie Study of Coditions Occur- 
ring During Spontaneous Disintegration of Slags 



No* Production 
Ex. rate at the 
stage dur- 
ing which 
zinc is re- 
covered 
frompSlag, 
kg/m .hour 



Recove- 
ry ot 
copper 
from 
self- 
disin- 
tegrat- 
ed slag 
during 
flota- 
tion, % 



Content 
of cop- 
per in 
flota- 
tion 
concen- 
trate, 
wt.% 



Content 
of copr 
per in 
flota- 
tion 
tail- 



ings, 

% 



wt.^ 



Losses of Addi- 
copper tional 
v;ith slag recovery 
after flo- in kg per 
tat ion, 1000 kg 
% of the of con- 
initial centrate 



10 



11 



12 



4 
5 



8 
9 



48,0 

46,2 
46,5 

53.7 

48,1 

42,0 
53,8 



not reco- 
vered 



67 
72 

73 

71 

75 
66 



8,1 
9,3 

15,2 

14,9 

15,1 
11,3 



0,15 
0,12 

0,13 

0,14 

0,12 
0,16 



1,13 

0,38 
0,30 

0,38 

0,35 

0,34 
0,47 



copper: 
10,8 

zinc: 
38,2 

copper: 
1,5 



zinc : 
38,2 
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1 


7 ■ 


8 


9 


10 


11 


12 


10 


53,9 


Not reco- 
vered 






1, 34 


Zinc: 
38,1 


11 


53,5 


11 


17,3 


0,11 


0,33 


Zinc: 
38,0 


12 


40,5 


. 82 


11,7 


0,09 


0,26 





Example 6 



A method was carried out as described in ^Ixample 3, 
except that zinc-bearing silicate slag (with a fraction 
minus 10 mm) was used as the silicate flux introduced into 
the highly basic molten slag obtained during flash smelt- 
ing of the initial sulphide concentrate. The silicate 
slag, containing 20.0 wt.% zinc, 0.64 wt.% copper, 
20.8 wt.% iron, 14.7 wt.% calcium oxide and 21,65 wt.% 
silicon dioxide, was taken in an amount as calculated 
for pure silicon dioxide constituting 4.35% by weight of 
the initial sulphide concentrate, with nonferrous metals 
bedlng finally, recovered from the depleted slag after its 
spontaneous disintegration by a flotation method. 

The test results are given in Table 2. 
Example 7 

A method was carried out as described in Example 3, 
except that depleted silicate slag (with a fraction of 
minus 10 ram) was used as the silicate flux introduced into 
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the depleted highly baaic molten alag. The silicate slag, 
containing 0.76wt.% copper, 39.06wt.% iron, 33.38wt.% 
silicon dioxide, 8.72wt//'S calcium oxide was taken in an 
amotmt as calculated in terms of pure silicon dioxide 
constituting 6.6% by weight of the initial sulphide con- 
centrate, v/ith nonferrous m'etals being finally recovered 
from the depleted slag after its spontaneous disintegra- 
tion by a flotation method. 

The test results are given in Table 2. 
Example 8 

A method was caorried out as described in Example 3, 
except that silicate flux in the form of quartz sand 
(with a fraction of minus 0^5 mm) was additionally intro- 
duced into the charge in the presence of basic fluxes in 
an amount as calculated in terms of pure silicon dioxide 
constituting 7.7% by weight of the initial sulphide mate- 
rial, with nonferrous metals being finally recovered from 
the depleted slag after its spontaneous disintegration by 
a flotation method. 

The test results are given in Table 2. 
Example 9 

A method was carried out as described in Example 6, 
except that the depleted slag was cooled to a temperature 
of its complete solidification at a rate of 60 deg. per 
min. 

The test results are given in Table 2, 
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Example 10 

A method was carried out as described in Example 6, 
except that the depleted slag was cooled to a temperature 
of its complete solidification at a rate of 70 deg. per 
min. 

Final recovery of nonferrous metals from the 
depleted slag by flotation was not carried out because 
of no effect of spontaneous disintegration of the 
depleted slag being observed. 

The test results are given in Table 2. 
Example 11 

A method was carried out as described in Example 6, 
except that the depleted slag was cooled to a temperature 
of its complete solidification at a rate of 0.5 deg. per 
min. 

The test results are given in Table 2. 
Example 12 

A method was carried out as described in Example 3, 
except that silicate flux in the form of quartz sand (with 
a fraction of minus 0.5 mm) was additionally introduced 
into the charge for flash smelting of sulphide copper-zinc 
concentrate in the presence of basic fluxes in an amount as 
calculated in terms of pure silicon dioxide constituting 
9.6% by weight of the initial sulphide material, with non- 
ferrous metals being finally recovered from the depleted 
slag after its spontaneous disintegration by a flotation 
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method. 

A number of difficulties were encountered at the 
stage of flash smelting and during treatment of highly 
basic molten slag with a solid carbonaceous material, 
which were caused by a high temperature of fusion of 
the highly basic slag containing 20% by weight of silicon 
dioxide. Thus, thorough control of the process, tempera- 
ture conditions were to be observed. 

The test results are given in Table 2. 
As is seen from Table 2, the effect of spontaneous 
disintegration of slag is observed with the content of 
silicon dioxide therein being over 3% by weight. However, 
any increase in this content above 16% by weight is un- 
desirable as it causes difficulties in running the pro- 
cess. Therefore, the higher foundary in the content of 
silicon dioxide in the depleted slag had been found to 
be 16% by weight. It proceeds from Table 2 that spon- 
taneous disintegration of slag occurs with the rate of 
its cooling until complete solidification not exceeding 
60 deg. per min. However, to perform the cooling of slag 
at the rate below 0.5 deg. per min. is undesirable since the 
melt cooling time will exceed 10 hours. 

In this case, silicate flux can be introduced 
either into the charge used for flash smelting of concen- 
trate together with the basic flux, or into the highly basic 
molten slag resultant from flash smelting and fed further 
treatment, or else into the highly basic molten slag from 
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which nonferrous metals have been recovered. The silicate 
slag resultant from refining of metallic copper can be 
used as the silicate flux; the silicate flux poor in non- 
ferrous metals can also be used along with a silicate flux 
normally utilized for the purpose. 

Example Ig 

Sulphide copper-zinc concentrate with a particle size 
of minus 74 mem, containing 8,23wt,% copper, 1.53wt.% lead, 
18.69wt.% zinc, 21.41wt.% iron, 34.22wt.% sulphur, 6.82wt.5S 
silicon dioxide, 3*02wt.% calcium oxide, 0.35wt.% alumi- 
nium oxide, 0.03wt.% magnesium oxide, was mixed with hyd- 
rated lime in an amount, as calculated for pure CaO, of 
16.5^ by weight of the initial sulphide material. The re- 
sultant charge was then dried to a humidity of about 1% by 
weight ♦ 

The dried charge v/as continuously fed into a mixer 
to be intermixed therein with reusable dust continuously 
fed into the mixer after being collected in the process of 
cleaning gases during flash smelting. The mixture of 
charge and dust was suspended in a flow of coimercial 
oxygen to be thereby transported by means of an oxygen 
btimer into the melting chamber. Under the influence of 
high temperature, the charge was ignited in the presence 
of oxygen and then melted to produce a dispersed mixture 
of highly basic slag and metallic copper. The mixture was 
then separated in accordance with specific weights into 



- 53 - 



1218238 



metallic copper and highly basic molten slag. The oeparated 
metallic copper was discharged and the molten alag was 
poured into the electric furnace. The gases produced dur- 
ing flash smelting of the charge were purified to give off 
dust which was then collected and returned for use in the 
flash smelting process. The pouring of slag was terminated 
when its quantity reached 10 tons. At that moment the slag 
had the following composition, in percent by weight: 



copper 2.12 

zinc 16.92 

iron 22*69 

silicon dioxide .... 7.22 

calcium oxide 20.69 

alimiinium oxide . . . .0.37 



Once the slag pouring process was over, coke was 
charged in batches of 87.8 kg of carbon each (25% of the 
stoichiometric quantity required for the reduction of 
copper, zinc and lead) onto the surface of the melt in 
the electric furnace. Bach succeeding portion of coke was 
charged only after the preceding one was completely used 
up in the reaction lasting for about 30 min. Immediately 
before charging carbonaceous material, assays of slag and 
metallic copper were made to determine the content of 
valuable components therein. The zinc and lead vapours 
resultant from treatment of the highly basic slag were 
discharged from the electric furnace, whereupon they were 
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oxidized in the air and then collected in the Tonn of 
zinc and lead oxides. After copper, zinc and lead were 
recovered from the slag, it was discharged from the elec- 
tric furnace. 

The test results are given in Table 3. 

i^om the obtained data it follows that in case of 
stoichiometric consumption of carbon the waste of non- 
ferrous metals with slag remains rather higji, while the 
excess of carbon above stiochiometric by 20-25% makes it 
possible to reduce losses of these metals 2-3,5-fold 
without impairing the quality of metallic copper. It 
should be observed that in the given Example average 
specific rate of recovery of zinc from slag until its 
residual content in the latter was 0.55^ by weight, 
amounted to 127 kg of zinc per sq, meter per hour (minimiim 
amount was 81 and maximum 177 kg/m^»hr). And this was des- 
pite the fact that the reduction of oxides was artifi- 
cially retarded by reducing the rate of charging of the 
solid carbonaceous material onto the surface of the 
melt. 
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Table 3 

Influence or Carbon GonBumption on Process 
Characteristics Obtained During Treatment 
of Highly Basic Slag 



Carbon consuiiiption,% of the 
stoichiometric quantity 
required for reduction of 
zinc, copper and lead 
oxides 





0 


• 25 


50 


75 


1 9 




4 


5 


6 


Slag composition, wt.% 










copper 


2.12 


1.67 


1.29 


0.90 


zinc 


16.92 


13.9 


9.50 


6.25 


I lead 


1.65 


1.03 


0.57 


0.28 


iron 


22.69 


24.19 


25.61 


26.96 


silicon dioxide 


7.22 


7.82 


8.37 


8.77 


calcium oxide 


20.7 


22.2 


23.3 


24.6 


Composition of metallic 










copper obtained during 










treatment of highly basic 










melt, wt.% 










copper 
2 . • 




91.9 


91.2 


89.0 


zinc 




0.33 


0.84 


1.27 


lead 




2.49 


2.80 


4.24 


iron 




0.23 


0.23 


0.26 


3 Waste of copper with slag,SS 


2.50 


1.90 


1.39 


0.92 


4 Waste of zinc with slag,% 


90.5 


69.8 


43.6 


24.8 



•- 56 - 



1SS18238 



Table 3 (Cont'd ) 
Influence of Carbon Consumption on Procesa 
Characteristics Obtained During Treatment 
of Highly Basic Slag 



Carbon consumption, % of the stoichiometric 
quantity required for reduction of zinc, 
copper and lead oxides 



100 125 150 

1 7 _8 9 

0,55 0,24 0,16 

3,27 0,55 0,38 

0,09 0,03 .0,01 

28,22 29,33 29,30 

-9,12 9,32 .9,32 

25,6 26,7 26,8 



85,9 85,5 86,3 

1»18 0,95 0,69 

8,29 7,60 5,62 

0,27 1,55 2,11 



8»'5.4 0,23 0,16 



8,47 2,28 1,58 
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Example 14 

Initial flulphlde copper-zinc concen-trate, contain- 
ing 22.08wt.% copper, 8.69wt.% zinc, 1.59wt.% lead, 
24.41wt.% iron, 32.71vrt.% sulphur, 1.25v,t.% silicon dioxi- 
de, l.Olwt.% calcium oxide, 0.05wt.% masnesium oxide, 
0.03wt.% aluminium ojcide, was mixed with limestone pre- 
crushed to a particle size of minus 1 mm in an amount as 
calculated in teiros of pure CaO constituting 15.3% by 
weight of the initial sulphide material. The charge thus 
prepared was dried until its humidity was about lwt.% 
(see Example 3). 

The resultant dry charge was continuously fed into a 
mixer to be mixed therein with reusable dust continuously 
admitted thereinto. after being collected in the process of 
cleaning gases during flash smelting. The mixture of 
charge and reusable dust was suspended in a flow of com- 
mercial oxygen so as to be continuously fed by means of 
an oxygen burner into the melting chamber. Specific load 
of the melting zone was 6l tons per 1 sq.meter per day. 
Under the influence of high temperature, the charge was 
ignited and then melted to produce a dispersed mixture of 
highly basic slag and metallic copper. The dispersed 
mixture was then separated in accordance with specific 
weights into metallic copper and highly basic molten slag 
to be continuously fed into the electric furnace. The 
gases produced during flash smelting were purified to 
give off dust which was then returned for use in the 
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process of flash smelting. The highly basic slag adn,ltted 
into the electric furnace was treated with coal. The con- 
sumption of coal per unit of time was altered so as to 
ensure peiroanent high concentration of zinc and lead 
vapours in the electric furnace. In order to detennine 
the concentration of ainc and lead vapours in the elec- 
tric furnace, the vapour-gas phase was garama-rayed with 
two fluxes of different energy. The change in the con- 
centration of Zinc and lead vapours was determined in 
accordance with the change in the intensity of radiation, 
whereby the feeding rate of the reducing agent was regu- 
lated. The consumption of coal was 30 kg per each ton of 
concentrate calculated for pure carbon (in addition to 
stoichiometric quantity for reduction of zinc and copper 
oxides, it amounted to 9.7 kg per ton of concentrate). 
The copper oxide from the highly basic molten slag was 
reduced to metallic copper which settled down at the bot- 
tom of the electric furnace. The vapour of metallic zinc 
produced during reduction of zinc oxide was discharged 
from the electric furnace, whereupon it was oxidized and 
then collected in the form of oxidized ainc sublimates. 
The furnace production rate in terms of zinc was 62 kg/m. 
•hour. Metallic copper and depleted slag were discharged 
from the furnace. 

The blister copper produced as described above had 
the following characteristics: 
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Composition, wt.% Content of bllater copper re- 
covered from the concentrute, 

% 

Copper - 86.39 97.58 



Lead - 6.21 
Zinc - 1.45 
Iron - . 1.10 



42.48 
2.99 
1.33 

The recovery of zinc from the concentrate in the 
foim of zinc sublimates in the electric furnace was 
88.995&; the content of lead in zinc sublimates was 55.3%; 
the content of copper in metallic copper was 98.92%. 
Example iq 

A method was carried out as in Example 14, except 
that the metallic copper produced during flash smelting 
was removed from the process after dividing the dispersed 
mixture of highly basic slag and metallic copper in ac- 
cordance with specific weights, whereupon the metallic 
copper produced during treatment of the highly basic 
molten slag with carbonaceous material was separately 
removed from the process. 

The blister copper produced as described in 
Example 15 had the following characteristics: 

Composition of blister Yield of blister copper 

copper, wt.% recovered from the con- 

centrate, % 

Metallic copper produced at the stage of reasting 
Copper 94.09 77.6? 
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Lead 3.54 15.42 

Zinc 0.07 0,11 

Iron 0,14 0.12 

Metallic copper produced during depletion of slag 

Copper 80. 30 21.16 

Lead 9.10 12.38 

Zinc 1.08 0.52 

Iron 2.00 0.54 

Average characteristics of metallic copper produced 
at both stages: 

Copper 90.80 98.83 

Lead 4.86 27.80 

Zinc 0.31 0.63 

Iron 0.58 0.66 

The content ot zinc recovered Trom the concentrate 
in the form of oxidized zinc sublimates was 94.54%; the 
content of lead in zinc sublimates was 65.2%; the con- 
tent of copper in metallic copper was 98*95%. 

As is seen from Examples I4 and 15, during separate 
tapping of metallic copper (after flash smelting and after 
depletion of the higtily basic melt, with almost the same 
amount of copper being recovered from the concentrate in 
the form of metallic copper (93-9%), its quality is sub- 
stantially improved along with an increase in the contents 
of zinc and lead in oxidized zinc sublimates. 
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The embodiments of the invention, in which an exclusive 
property or privilege is claimed, are defined as follows :- 

!• A method of processing sulphide copper- and/or 
sulphide coppeir-zinc concentrates, comprising: 

a) flash smelting, in the presence of oxygen, of a 
mixture of said concentrates and fluxes selected from the 
group consisting of basic fluxes and silicate fluxes; 
thereby producing a dispersed mixture of higjaly basic 
molten slag containing copper and zinc oxides, metallic 
copper or white matte; said initial concentrates and 
fluxes being fed for smelting in such ratios that permit 
production of highly basic slag; 

b) effecting reduction of said copper and zinc oxi- 
des, contained in said higjily basic molten slag, by means 
of a solid carbonaceous material with the resultant for- 
mation of a vapoixr-gas mixture, metallic copper and im- 
poverished highly basic slag containing not more than 18 
percent by yreight of silicon dioxide; 

c) oxidizing the resultant vapour-gas mixttire, con- 
taining zinc vapour, to zinc oxide; 

d) collecting the resultant zinc oxide. 

2, A method as claimed in claim 1, wherein the con- 
tent of silicon dioxide in the depleted highly basic 
molten slag is maintained within the range of 3 to 16 per- 
cent by weight with the use of silicate flux; said depleted 
highly basic slag being cooled down to a temperature of 
its complete solidification at a rate of 0.5 to 60 deg. 
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per minute with the resultant production of self-disin- 
tegrating material from which conferrous metals are 
finally recovered. 

3- A method as claimed in claim 1, wherein the 
resultant metallic copper is subjected to refining in 
the presence of silicate fluxes with a view of obtaining 
refined copper and silicate slag. 

4. A method as claimed in claim 1/ wherein the 
metallic copper obtained during flash smelting of the 
concentrates in the presence of oxygen and the metallic 
copper obtained during treatment of highly basic molten 
slag with a carbonaceous material are discharged 
separately* 

5. A method as claimed in claim 1, wherein the 
silicate slag produced during refining of metallic 
copper is used^as the silicate flux- 

6. A method as claimed in claim 2, wherein the 
silicate flux is fed for use in flash smelting of the 
concentrate. 

7. A method as claimed in claim 2, wherein the 
silicate flux is introduced into the molten highly 
basic slag produced during flash smelting of the 
concentrate. 

8. A method as claimed in claim 2, wherein the 
silicate flux is introduced into the depleted highly 
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basic molten slag poor in nonferrous metals. 



depleted silicate slag poor in nonferrous metals 
used as the silicate flux. 

10. A method as claimed in claim 1, wherei 
said basic flux has calcium as a major structure- 
determining component. 



A method as claimed in claim 8, wherein the 





